We describe a rapid quantitative and qualitative "high-performance' liquid-chromatographic (HPLC) method for measuring porphyrins in urine. Direct injection of acidified, filtered urine onto a 3-gun (particle size) 3-cm-long reversed-phase column fully resolves uroporphyrin, hepta-, hexa-, and pentacarboxylic acid porphynns, and coproporphynn. Instrument response is linearly related to concentration over the range 25 to300 nmol/L.The method providesdataessential forthe differential diagnosis of porphyric states, including porphyria variegata and porphyria cutanea tarda. This relatively inexpensive method requires a run time of only 8 mm per sample, making it particularly suitable for routine use in the clinical chemistry laboratory. Here we present a rapid method for quantitative and qualtitative analysis for urinary porphyrins by HPLC. Sample preparation involves only acidification, ifitration, and possibly dilution before the sample is injected into the chromatograph. Uroporphyrin, hepta-, hexa-, and pentacarboxylic acid porphyrins, and coproporphyrins are completely resolved in less than 5 mm. with an equivolume solution ofmethanol/ sodium phosphate buffer (0.1 molIL NaH2PO4, pH 3.5) at a flow rate of 2.5 mL/min. A linear gradient was automatically initiated on injection to bring the mobile phase to 95% methanol in 2 mm, held there for 2 mm, then returned to initial conditions by a 1-mm linear gradient. A 3-min reequilibration period brought the per-sample chromatographic run time to 8 mm. All porphyrins were eluted from the column 5 mm after sample injection, and were quantified by peak height. The direct method of sample preparation obviated use of an internal standard.
Porphyrinopathies
are diseases arising from inherited or acquired defects in the enzymes of the heme biosynthetic pathway. Quantitative and qualitativemeasurement of the urinary excretion of porphyrins and porphyrin precursors is an essentialtool for the investigation and differential diagnosis of porphyria (1) (2) (3) . Early methods involved solventextraction techniques, and only uroporphyrin and coproporphyrin could be separated and quantified (4) . These methods were laborious and imprecise, and yielded inconsistent results for samples containingmixtures of highly carboxylated porphyrins. In the 1970s, "high-performance"
liquidchromatographic (HPLC) techniques
were developed for biological samples; in these, porphyrins were esterified, separated on normal-phase columns, and quantified by their absorption at the Soret band (5) (6) (7) . These approaches were an improvement over earlier techniques but the problems of poor resolution, low sensitivity, and an undetermined vari- Here we present a rapid method for quantitative and qualtitative analysis for urinary porphyrins by HPLC. Sample preparation involves only acidification, ifitration, and possibly dilution before the sample is injected into the chromatograph. Uroporphyrin, hepta-, hexa-, and pentacarboxylic acid porphyrins, and coproporphyrins are completely resolved in less than 5 mm. with an equivolume solution ofmethanol/ sodium phosphate buffer (0.1 molIL NaH2PO4, pH 3.5) at a flow rate of 2.5 mL/min. A linear gradient was automatically initiated on injection to bring the mobile phase to 95% methanol in 2 mm, held there for 2 mm, then returned to initial conditions by a 1-mm linear gradient. A 3-min reequilibration period brought the per-sample chromatographic run time to 8 mm. All porphyrins were eluted from the column 5 mm after sample injection, and were quantified by peak height. The direct method of sample preparation obviated use of an internal standard.
Specimens. Twenty-four-hour urine specimens collected
with sodium carbonate (5 g/L) present were stored in the dark at 4#{176}C until analysis.
(Specimens to be stored for longer than a week before analysis were maintained at -20 #{176}C.) For analysis, we acidified a 2-mL aliquot of urine to pH 2.5-3.0with 6 molJL HC1, then filtered it through a 0.45-pm (pore-size) Millipore ifiter attachedto a 1-mL disposable syringe (Becton Dickinson Canada Inc., Mississauga, Canada). The filtration process and the small injection volume obviated the need for sample degassing procedures, allowing direct injection into the HPLC. Table 1 gives the precision of the assay at 25 and 300 nmol/L. and coproporphyrin are often of little help in delineating the specific enzyme defect in inherited porphyrias. Furthermore, they are insensitive to the subtle early-stage changes seen in induced porphyrias (16). Adaptation ofHPLC methods to the 3-cm column provides a rapid quantitative and qualitative analysis of urinary prophyrmn excretion. The high-speed cartridge columns we used in this assay showed remarkable longevity (>700 samples or standards assayed per column), even in the absence of a guard column. This, coupled with minimal sample preparation, short chromatography time, and low relative cost of each cartridge (compared with traditional C15 columns), renders this system ideal for routine use in a clinical chemistry laboratory.Furthermore, because porphyric urines invariably require extensive dilution before assay, HPLC systems involving less-sensitive fluorometers, but suitably equipped with a red-sensitive photomultiplier tube, would probably be able to readily distinguish normal from porphyric urines.
Results and Discussion

